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Abstract There is considerable epidemiological evidence that
tea drinking lowers the risk of heart disease. However, the
mechanism by which tea can be protective is unknown. Hamsters
were fed a normal or high cholesterol diet for 2 weeks and drank
green or black tea ad libitum. The plasma lipid profile was
significantly improved by both teas compared to controls. Also in
vivo lipid oxidation as measured by plasma lipid peroxides and
LDL+VLDL oxidizability were significantly decreased by the
teas. In the normal fed tea groups fibrinogen was decreased but
not in the high cholesterol groups. Green tea was significantly
more effective than the black tea. These results show in the
hamster model that black and green tea improve the risk factors
for heart disease by both hypolipemic and antioxidant mecha-
nisms and possibly a fibrinolytic effect.
z 1998 Federation of European Biochemical Societies.
Key words: Cholesterol ; Triglyceride; Atherogenic index;
Fibrinogen; Lipid peroxide; Lipid oxidation
1. Introduction
Tea, prepared from the leaves of Camella sinensis, is the
most popular beverage in the world except water. Black tea,
made from the mild oxidation of green tea leaves, amounts to
80% of world tea production [1]. Flavonoids are a group of
polyphenols present in vegetables, fruits and beverages such as
tea and wine. Tea is the major source of dietary £avonoids in
Japan (7 cups/day), Holland (4 cups/day) and a minor source
of the £avonoids in the US diet at 0.5 cups/day [2]. Flavonoid
intake is inversely associated with mortality from coronary
artery disease in a cross-cultural seven country epidemiolog-
ical study [2]. A Japanese study found green tea consumption
was associated with decreased cholesterol and triglyceride and
an increased proportion of HDL [3].
Green tea and black tea are both high in catechins. These
compounds are powerful antioxidants, capable of rapid reduc-
tion of superoxide radical and alkyl peroxy radicals. Catechins
may also repair vitamin E radicals [4]. Such potent antioxi-
dant ability may be important in inhibiting the in vivo oxida-
tion of LDL and VLDL and the subsequent atherogenesis.
Catechins have been found to be the most potent group of
antioxidants for inhibiting in vitro lower density lipoprotein
oxidation by cupric ion [5]. Catechins and other £avonoids
were found to incorporate in lower density lipoproteins iso-
lated from spiked plasma [6]. Thea£avins incorporated in
LDL were better than catechins in inhibiting LDL oxidation
by macrophages [7].
The mechanism of tea’s bene¢t for heart disease as found
from the epidemiological studies is not known. Nor is the
relative bene¢t of green vs. black tea known. This study was
designed to ascertain and compare the e¡ect of the consump-
tion of green and black tea on heart disease risk factors in
normal and cholesterol-fed hamsters.
2. Materials and methods
2.1. Chemicals
Teas were obtained from Thomas J. Lipton Company (Englewood
Cli¡s, NJ) and were kept in sealed plastic bags until use. They were
made up as 1.25% solutions in boiling water and 16 g of Sweet N’Low
was added/liter to mask the teas’ bitter taste. The total phenol con-
centrations in the teas were measured by the Folin-Cocialteu reagent
(Sigma) using catechin as a standard and were 8.88 mM and 9.17 mM
for black and green tea, respectively.
2.2. Animals and diets
Male, Syrian golden hamsters (Charles River Labs, Wilmington,
MA) weighing 115^150 g were divided into six groups of six animals
each and three animals to a cage. The animals were on a wood chip
bedding in a climate and light-controlled animal facility. Animals had
free access to food in the form of brownies. Normal groups ate brow-
nies from chow to which was added water alone at a ratio of 600 ml/
kg of chow. Cholesterol-fed animals had 0.2% cholesterol and 10%
coconut oil melted and mixed with 600 ml/kg water and chow, pressed
£at, frozen and cut into brownies [8]. The normal control group
received the normal chow and water with Sweet N’Low and the nor-
mal experimental groups normal chow and green or black tea with
Sweet N’Low. The high cholesterol groups received the high fat chow
and the appropriate drink. Food and drink were given ad libitum for
the study that lasted 14 days. After 18 h fast the animals were killed
by pentobarbital overdose and plasma collected and frozen at 390‡C
until analysis.
2.3. Analysis
Total cholesterol, HDL and triglycerides were assayed by Sigma
enzyme kits. HDL and LDL+VLDL were isolated by a⁄nity column
chromatography (Isolabs, Cincinnati, OH). The atherogenic index was
calculated from the following formula: atherogenic index = (total chol-
esterol3HDL)/HDL. Fibrinogen was measured by a Sigma kit using
the thrombin clotting time method. Lipid peroxides in plasma were
assayed by a £uorimetric thiobarbituric acid method using tetrameth-
oxypropane as the standard [9]. LDL+VLDL oxidation was done
under standard conditions using a published procedure [10]. The pro-
tein concentration was measured using a Sigma kit and adjusted to 70
Wg/ml and the lipoproteins oxidized at pH 7.4 with 25 WM cupric ion
in phosphate bu¡ered saline at 37‡C. Conjugated dienes were followed
by measuring the absorbance at 234 nm every 15 min vs. a blank
containing cupric ion in PBS. Graphs of absorbance vs. time were
used to calculate the lag phase de¢ned as the intercept of straight lines
drawn along the slopes of the lag and propagation phases. The con-
centration of conjugated dienes in the samples were calculated from
the literature value of O= 29 500 [11]. Results were compared statisti-
cally using a student’s t-test or Mann-Whitney rank sum test.
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3. Results
3.1. E¡ect of teas on plasma lipids, lipoproteins and ¢brinogen
There was no signi¢cant di¡erence in food consumption or
weight gain among any of the groups during the 2-week study.
Both tea groups consumed signi¢cantly more £uid than their
respective control group and the black tea groups drank more
£uid than their green tea counterparts (P6 0.02). The results
of the biochemical analyses are shown in Table 1.
In the normal chow-fed animals the cholesterol was de-
creased 17% by black tea and 27% by green tea, both signi¢-
cant. The black tea did not change HDL while green tea
raised HDL 10%, a signi¢cant change. Triglycerides were de-
creased signi¢cantly by black tea 21% and 36% by green tea.
The atherogenic index was signi¢cantly decreased by both
teas; black tea 34% and green tea 71%. Black tea signi¢cantly
decreased ¢brinogen 42% and green tea decreased it 38%.
Both teas bene¢cially a¡ected these heart disease risk factors
in normal animals and the green tea was signi¢cantly better
than the black tea with respect to cholesterol, HDL, triglycer-
ides and the atherogenic index.
The cholesterol-fed hamsters experienced an increase in
cholesterol and a decrease in the % of cholesterol as HDL
as has been shown previously [11]. Cholesterol was signi¢-
cantly lowered by black tea 20% and by green tea 28%.
HDL was increased signi¢cantly by both teas; black tea
35% and green tea 88%. Both teas signi¢cantly decreased tri-
glycerides; black tea 20% and green tea 48%. Black tea low-
ered the atherogenic index 48% and green tea lowered it 73%.
Neither tea signi¢cantly a¡ected the elevated ¢brinogen of the
cholesterol-fed animals. Both teas signi¢cantly improved the
lipid pro¢le and as in the normal chow groups, green tea was
signi¢cantly better than black in improving the lipid pro¢le.
3.2. E¡ect of teas on plasma lipid peroxides and lower density
lipoprotein oxidation
As shown in Table 1 and illustrated in Fig. 1, both teas
were powerful inhibitors of plasma lipid peroxides and
LDL+VLDL oxidizability. Green tea was a signi¢cantly bet-
ter in vivo antioxidant than black tea in both the normal and
cholesterol-fed groups. As expected the cholesterol feeding
produced an increase in plasma lipid peroxides and
LDL+VLDL oxidizability; the latter as shown by the de-
crease in lag time and the increased maximal oxidation rate.
Both teas signi¢cantly lengthened the lag phase in both the
normal and cholesterol-fed groups and green tea was signi¢-
cantly better than black tea. Green tea increased the normal
animals lag time 71% and the high cholesterol animals 63%.
In fact the green tea increased the lag time of the cholesterol-
fed animals to the extent that it was not signi¢cantly di¡erent
from the normal control group. The maximal oxidation rate
in the high cholesterol-fed animals was only decreased signi¢-
cantly by green tea. On the other hand only black tea signi¢-
cantly decreased the maximal rate of oxidation in the normal
group.
4. Discussion
The male Syrian Golden hamster is an excellent model for
the study of lipid and lipoprotein metabolism and it has been
used in this study. Short-term tea supplementation at a
strength used for human consumption produced large im-
provements in the lipid pro¢le of both normal and cholester-
ol-fed animals. A Japanese study found the same results with
green tea catechins given to cholesterol-fed rats [12]. In epi-
demiological studies both green and black tea drinking have
been associated with decreased plasma cholesterol and a de-
creased atherogenic index [13,14]. Our animal study con¢rms
this association. In addition we have found that both teas
decrease ¢brinogen in normal animals. Elevated ¢brinogen
levels are a well established independent risk factor for coro-
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Table 1
E¡ect of tea drinking on plasma lipids and ¢brinogen for hamsters fed a normal or high cholesterol diet for 2 weeks (mean þ S.D.)
Normal cholesterol groups High cholesterol groups
Control Black tea Green tea Control Black tea Green tea
Cholesterol (mg/dl) 110 þ 5 91 þ 3 80 þ 2** 183 þ 8 146 þ 3* 130 þ 4**
HDL (mg/dl) 58 þ 3 58 þ 3 64 þ 3** 26 þ 1 37 þ 3* 49 þ 3**
Triglycerides (mg/dl) 159 þ 3 126 þ 3 102 þ 5** 292 þ 11 234 þ 7* 200 þ 9**
Cholesterol3HDL/HDL 0.85 þ 0.11 0.56 þ 0.05* 0.25 þ 0.07** 6.15 þ 0.05 2.91 þ 0.32* 1.69 þ 0.21**
Fibrinogen (mg/dl) 165 þ 9 95 þ 9* 102 þ 12* 194 þ 12 186 þ 9 187 þ 13
Lipid peroxides (WM) 0.83 þ 0.09 0.57 þ 0.09* 0.36 þ 0.09** 2.54 þ 0.28 1.86 þ 0.18* 1.29 þ 0.15**
Lag time (min) 119 þ 11 177 þ 8* 204 þ 3** 72 þ 4 87 þ 13 117 þ 6**
Diene oxidation rate (nm/mg) protein min) 1.5 þ 0.6 0.8 þ 0.2** 1.7 þ 0.9 3.2 þ 0.2 3.0 þ 0.4 1.7 þ 0.4**
Cholesterol3HDL/HDL.
*Signi¢cantly di¡erent from control, P6 0.05.
**Signi¢cantly di¡erent from the control and the corresponding tea group, P6 0.05.
Fig. 1. Average LDL+VLDL oxidation curves of normal and chol-
esterol-fed hamsters given tea for 2 weeks. NC, normal cholesterol
control; NCBT, normal cholesterol+black tea; NCGT, normal chol-
esterol+green tea; HC, high cholesterol control; HCBT, high chol-
esterol+black tea; HCGT, high cholesterol+green tea.
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nary, cerebral and peripheral vascular disease. Fibrinogen
strongly a¡ects blood coagulation, blood rheology and plate-
let aggregation and has direct e¡ects on the vascular wall [15].
In the normal groups there was a positive correlation of chol-
esterol with ¢brinogen, Pearson product moment correlation
coe⁄cient 0.7997, P6 0.0001. A possible mechanism for teas’
e¡ect on ¢brinogen is found in a recent study with epigallo-
catechin gallate, the major polyphenol in green tea and a
component of black tea. This compound and other gallates
were found to bind to ¢brinogen in human serum [16]. The
binding may inhibit the function of ¢brinogen. This bene¢cial
e¡ect of tea needs to be further investigated in both animal
and human studies.
Although it is di⁄cult to dissociate the lipid lowering e¡ect
from the antioxidant e¡ect, it appears that both green and
black tea are powerful in vivo inhibitors of lipid oxidation.
We have found (unpublished results, submitted for publica-
tion) that both green and black tea polyphenols bind to lower
density lipoproteins when spiked in plasma. This incorpora-
tion, subsequent to tea polyphenol absorption into the plas-
ma, would explain the increase in lag time after consumption
of both teas in the current study. A Japanese group has also
found that black tea consumption (750 ml/day) for 4 weeks
prolonged the lag time of LDL oxidation in normocholester-
olemic men [6]. As is apparent from our study, hypercholes-
terolemic human subjects should also be investigated.
The present hamster study shows that teas in the concen-
tration normally drunk by humans are hypolipemic, antioxi-
dant and possibly ¢brinolytic agents, and thus provides the
mechanism to explain teas’ epidemiological bene¢ts for heart
disease. Further long-term dose-response studies should be
done to determine the e¡ect of teas on normal hamsters and
atherosclerosis in cholesterol-fed hamsters. The present study
suggests in the hamster model that both black and green tea
decrease risk factors for heart disease in both normal and
hypercholesterolemic animals.
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